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(54) PERMANENT MAGNET AND PRODUCTION THEREOF 

(57)Abstract: 

PURPOSE: To obtain a high performance isotropic magnet 
exhibiting high coercive force and high energy product and suitable 
for practical use. 

CONSTITUTION: The permanent magnet has a composition shown 
by a formula {R' a (CebLa1-b)1-a} x -(Fe1 -z)1 00-x-y-wByMw 
(where, R 1 represents at least one kind of rare earth element 
including Y but excluding Ce and La, 5.5<x<12, 2<y<15, 0<z<0.7, 0<w-Jg ^ 
<10, 0.80<a<1.00, 0<b<1 f and M represents Zr or Zr and at least one ; ^ 
kind of Nb, Mo, Hf f Ta and W). The permanent magnet is composed 
of microcrystal or has a mixed phase of microcrystal and 
amorphous phase. 
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CLAIMS 



[Claim(s)] 

[Claim 1] {R'a(Ceb La1~b) 1-a} x (Fe1-z Coz)100-x-y-w By Mw (However, except for Ce and La, rare earth 
elements which include Y at least one sort of R') 5.5<=x<12, 2<=y<15, 0<=z<=0.7, 0< w<=10, 0.80<=a<=1.00, 
0<=b<=1, and M Zr, Or a permanent magnet which has Zr and at least one sort of presentations of Nb, Mo, 
Hf, Ta, and W, and consists of a mixed phase of a microcrystal or a microcrystal, and an amorphous phase. 
[Claim 2] A permanent magnet of claim 1 which is the ribbon gestalt acquired by high-speed quenching. 
[Claim 3] A permanent magnet of claim 1 which carried out powder compacting of the powder which 
consists of a mixed phase of said microcrystal or a microcrystal phase, and an amorphous phase. 
[Claim 4] A permanent magnet of claim 3 which carried out after [ grinding ] powder compacting of the 
ribbon obtained by high-speed quenching. 

[Claim 5] Claim 1 which used as a bond magnet powder which consists of a mixed phase of a microcrystal 
phase or a microcrystal phase, and an amorphous phase thru/or one permanent magnet of 4. 
[Claim 6] About 20 kOe(s) Claim 1 in which 95% or more magnetization is possible in a low magnetic field 
thru/or one permanent magnet of 5. 

[Claim 7] Claim 1 which is x {content (at least one sort of rare earth elements with which R includes Y 

here) of R} <10 thru/or one permanent magnet of 6. 

[Claim 8] A permanent magnet of claim 7 whose x is 6<=x<=10. 

[Claim 9] Claim 1 whose y (content of B) is 4<=y<=12 and whose W (content which is M) is 2<=w<=10 
thru/or 8 permanent magnets. 

[Claim 10] Coercive force (iHc) is 7kOe(s). Claim 1 which it is above thru/or 9 permanent magnets. 

[Claim 11] It is magnets other than a bond magnet, and is maximum energy product (BH) max. A permanent 

magnet exceeding 8MGOe(s) of claim 7. 

[Claim 12] {Ra(Ceb La1-b) 1-a} x100(Fe1~z Coz)-x-y-w By Mw (However, except for Ce and La, rare 
earth elements which include Y at least one sort of R') 5.5<=x<12, 2<=y<=15, 0<=z<=0.7, 0< w<=10, 
0.80<=a<=1 .00, 0<=b<=1, and M Zr, Or a manufacture method of a permanent magnet which anneals an alloy 
molten metal which serves as Zr from at least one sort of Nb, Mo, Hf, Ta, and W after high-speed 
quenching in a 300-900-degree C temperature requirement. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention obtains the homogeneous and stable magnet engine performance by 
considering as the magnet which has the magnet property which was excellent by carrying out the rapid 
solidification of the alloy molten metal of a Fe-R-B system (R is the same the following which is the rare 
earth elements containing Y), and a Fe-Co-R-B system about the aperiodic compass used for various 
electrical machinery and apparatus etc. especially the quenching magnet of the alloy system containing 
rare earth elements, and its process, and annealing the magnet after rapid solidification under specific 
conditions further. 

[0002] In addition, in this description, at least one sort and R' show at least one sort of the rare earth 
elements which include Y except for Ce and La among the rare earth elements with which R includes Y. 
[0003] 

[Description of the Prior Art] Although the thing of 32MGOe is mass-produced as an energy product with 
the Sm-Co system magnet by powder-metallurgy processing as a rare earth magnet which has high 
performance, Sm and Co have the defect that a raw material price is high. Rare earth elements with a small 
atomic weight, for example, a cerium, a praseodymium, and neodymium are in abundance rather than 
samarium in rare earth, and a price is cheap. Moreover, Fe is cheap. 

[0004] Then, a Nd-Fe-B system magnet is developed in recent years, and what a sintered magnet depends 
on a high-speed quenching method by JP,60-9852,A again is described by JP,59-46008,A. 
[0005] Although the powder metallurgy process of the conventional Sm-Co system is applicable, since it 
had the process which impalpable-powder-izes the Nd-Fe system alloy ingot which is easy to oxidize to 
about 2-10 micrometers with the magnet by the sintering process, handling carried out in difficulty and was, 
and since a thing or a powder metallurgy process had many routing counters (a dissolution — > casting -> 
ingot coarse-grinding -> pulverizing -> press -> sintering -> magnet), it had the field in which the feature 
of using a cheap raw material cannot be employed efficiently. 

[0006] On the other hand, with the magnet by the high-speed quenching method, a process is simplified 
(dissolution -> high-speed quenching -> coarse grinding -> cold pressing (press between **) -> magnet), 
and there is an advantage of not needing an impalpable powder-ized process. However, in order to make 
the magnet by the high-speed quenching method with an industrial material, much more raise in coercive 
force, the formation of a high energy product, low-cost-izing, amelioration of a magnetization property, etc. 
were desired. 

[0007] Coercive force is sharp to temperature in many properties of a rare earth-iron-boron permanent 
magnet, and the temperature coefficient of the coercive force (iHc) of a rare earth-iron-boron permanent 
magnet material had the trouble that it was high 4 or more times in 0.6 - 0.7%/[ degree C and ], to the 
temperature coefficient of the coercive force (iHc) of a rare earth-cobalt permanent magnet being 
0.15%/degree C. Therefore, the rare earth-iron-boron permanent magnet material had large risk of 
demagnetizing in connection with a temperature rise, and it was obliged to the limited layout on a magnetic 
circuit. Furthermore, as a permanent magnet for components in the engine room of the automobile used in 
a tropical area, for example, it was unusable. It is known conventionally that a rare earth-iron-boron 
permanent magnet material has a practical problem in the place where the temperature coefficient of 



coercive force is large, and an appearance of a magnet with the large absolute value of coercive force was 
desired (1986 a Nikkei new material, 4 -28 (No.9) the 80th page). What the presentation of JP,60-9852,A 
which proposes making a R-B-Fe alloy possess high coercive force iHe and a high energy product with a 
melt quenching method becomes from Remainder Fe R(Nd, Pr) = 10% or more of rare earth elements and 
B= 0.5 to 10% is indicated by the claim. The magnet property which was conventionally excellent in the R- 
B-Fe alloy is explained to be what is depended on a Nd2 Fe14 B-phase compound. The presentation near 
[ therefore, ], i.e., R= 12 - 17%, where many proposals (JP,59-89401 ,A, 60-144906, 61-579749, 57-141901, 
61 No. -73861 official report) for a sintering process and a high-speed quenching method to improve a 
magnet property correspond to this compound It is based on the experiment of the alloy of B= 5 - 8% of 
range. Since rare earth elements are expensive, to reduce the content is desired, but if there is a problem 
that coercive force iHc will deteriorate rapidly if the content of rare earth elements becomes less than 12% 
and it becomes R= 10% in JP,60-9852,A, it is shown that iHc is set to 6 or less kOes. That is, although 
there were data that coercive force iHc deteriorates when the content of rare earth elements became less 
than 12% in the R-B-Fe system alloy, the method of designing a presentation and an organization so that 
deterioration of coercive force iHc may be prevented in this presentation range was not learned 
conventionally. 

[0008] In a sintering process and a high-speed quenching method, although the Nd2 Fe14B compound is 
used fundamentally, as shown in the 55th volume of application physics, and the No. 2 (1986) page 121, the 
above-mentioned magnet is a magnet of the type with which not only the difference in a mere process but 
both magnets completely differed from a viewpoint of an alloy organization and coercive force 
developmental mechanics. That is, a sintered magnet is SmCo5 the karyogenesis of a reverse magnetic 
domain will decide coercive force to be if the diameter of crystal grain is about 10 micrometers and says 
with the conventional Sm-Co system magnet. It is a new chestnut ESHON mold like a mold magnet, and, 
on the other hand, a high-speed quenching magnet is a pinning mold magnet like the Sm2 Co17 mold 
magnet as which pinning of a magnetic domain wall determines coercive force by the very detailed 
organization where the amorphous phase enclosed the 0.01-1 -micrometer very fine particle. So, it needed 
to inquire in consideration of coercive force developmental mechanics differing enough as a view of an 
approach to both the magnets for the improvement in a property. 
[0009] 

[Means for Solving the Problem] As a result of examining that this invention adds various elements to a 
Fe(Co)-R-B system with a balanced phase comparatively easily paying attention to a non-balancing phase 
to a producible high-speed quenching method, it finds out that an aperiodic compass which showed high 
coercive force and a high energy product even if R content was the presentation field of under 1 2 atom % 
and was isotropy, and was suitable for practical use with addition of Zr can be offered. This invention is 
obtained with a high-speed quenching method, and cannot be realized in a sintering process. 
[0010] Furthermore, this invention adds at least one sort of Zr or Zr, and Nb, Mo, Hf, Ta and W, and a 
magnetization property and corrosion resistance offer a good magnet alloy by carrying out high-speed 
quenching. Moreover, this invention offers a method for obtaining engine performance of that magnet to 
stability further. 

[001 1] This invention Namely, [R'a(Ceb La1-b) 1-a} x (Fe1-z Coz)100-x-y-w By Mw (However, except for 
Ce and La, rare earth elements which include Y at least one sort of R') 5.5<=x<12, 2<=y<15, 0<=z<=0.7, 0< 
w<=10, 0.80<=a<=1 .00, 0<=b<=1, and M Zr, Or it has Zr and at least one sort of presentations of Nb, Mo, Hf, 
Ta, and W, and is in a permanent magnet which consists of a mixed phase of a microcrystal phase, or a 
microcrystal and an amorphous phase. 

[0012] A magnet of this invention carries out cooling coagulation of the alloy molten metal of a system 
which consists of Fe-R-B and Fe-Co-R-B of the aforementioned presentation with the so-called melt 
quenching method at high speed. Although this melt quenching method is a method of injecting a molten 
metal from a nozzle, carrying out rapid solidification at high speed, and obtaining a ribbon-like material and 
a disc method, the single rolling method (the piece rolling method), the congruence roiling method, etc. are 
shown in a front face of metal body of revolution cooled by water cooling etc., in this invention, the piece 



rolling method, i.e., a method of injecting a molten metal on one peripheral surface of a roll kneader, is the 
most suitable. When obtaining a magnet of this invention by the piece rolling method, peripheral velocity of 
a water-cooled roll kneader is 2 m/sec - 100 m/sec. Considering as within the limits is desirable. For the 
reason, roll peripheral velocity is 2 m/sec. 100 m/sec when it is the following It is because coercive force 
iHc becomes low also in any in a case of exceeding. In order to obtain high coercive force and a high 
energy product, it is roll peripheral velocity 5-30 m/sec Carrying out is desirable. Thus, the roll peripheral 
velocity 2-100 m/sec By carrying out the rapid solidification of the alloy molten metal of said 
presentation by the piece rolling method, a magnet whose coercive force iHc is 3 - 20kOe and whose 
magnetization mho is a 80 - 150 emu/gr degree is obtained. Thus, if direct rapid solidification is carried out 
from a molten metal, an organization of an amorphous substance or a very detailed crystalline substance 
will be obtained, and a magnet in which a magnet property was excellent as mentioned above as a result 
will be obtained. 

[0013] Although an organization after quenching changes with quenching conditions, and it consists of 
amorphous, a microcrystal, or its mixed organization, the microcrystal or an organization which becomes 
amorphous from a microcrystal, and size can be controlled further, and a higher high property is acquired 
by annealing. As a microcrystal phase, when at least 50 less than 0.01-3-micrometer% or more is the 
magnitude of less than 0.01-1 micrometer within the limits preferably, a high property is acquired. A high 
property is acquired when consisting of an organization which does not contain an amorphous phase. 
[0014] A magnet by which rapid solidification was carried out is annealed in an inert atmosphere or a 
vacuum with a melt quenching method in a 300-900-degree C temperature requirement for 0.001 to 50 
hours. By performing such annealing heat treatment, a property which many properties become less 
sensitive and was stabilized is easily acquired by quenching conditions with a quenching magnet of the 
target component by this invention. When there is no annealing temperature and, as for an effect of 
annealing, it exceeds 900 degrees C at less than 300 degrees C here, coercive force iHc declines rapidly. 
Moreover, even if an effect of annealing does not have annealing time amount in less than 0.001 hours and 
it exceeds 50 hours, more than it, a property's does not improve but only becomes disadvantageous 
economically. Therefore, annealing conditions were specified as mentioned above. Moreover, a magnet 
property can be raised by performing processing among a magnetic field into the above-mentioned 
annealing. A magnet of the shape of an acquired ribbon can be preferably ground in particle size of 30-500 
micrometers, and can be made with a bulk object magnet of high density by pressing between cold pressing 
or **. 

[0015] If a permanent magnet furthermore applied to this invention is required, after it will annealing- 
process and it will grind further a ribbon or powder obtained, the powder joining-together method, i.e., a 
melt quenching method, other than a melt quenching method, it can join together by resin etc. and it can be 
used as a BONDIDDO magnet. 

[0016] A magnet of the shape of a ribbon acquired by the conventional high-speed quenching method or a 
magnet which made it with a bulk object after grinding, and a PONDIDDO magnet are known as shown in 
JP,59-21 1549,A. However, a magnet in which a magnetization magnetic field which also attains to more 
than 40kOe110kOe is required for it in order to make the conventional magnet magnetize to saturation 
magnetization as shown in J.A.P60 (10) vol15 (1986) 3685 page, and saturation magnetization is possible at 
1 5-20kOe which is the usual electromagnet was desired. As a magnet alloy which made Zr in this invention 
etc. contain is shown in drawing 1 , it has an advantage that it can sufficiently magnetize by 15-20kOe, 
therefore a property after magnetization by 1 5-20kOe is improved sharply. 

[001 7] In addition, for an example of a magnet of this invention, and a horizontal axis, a magnetization 
magnetic field (kOe) and an axis of ordinate are [ inside of drawing, and Fe-13.5Nd-5B / an example of the 
conventional magnet, and Fe-9.5Nd-8B-4Zr ] Br (Hex). - It is the ratio of residual magnetization to a 
magnetization magnetic field of Br(40k)-40kOe to residual magnetization - in a certain magnetization 
magnetic field. 

[0018] Next, if a reason for component definition in this invention is explained, there is an inclination for 
coercive force iHc to decline [ a value of the amount x of rare earth elements ] less than by 5.5, and a 



value of magnetization will become small if a value of x becomes 12 or more. Moreover, if the sum total of 
compound addition of Ce and La is added exceeding 20%, a maximum energy product will fall. Moreover, it is 
better to press it down to 20% or less of x, since Sm metal also reduces an anisotropy-ized constant. A 
value of the amount y of B has small coercive force iHc at less than two, and Br falls or more by 15. 
Although magnetic engine performance improves in replacing Fe by Co and curie temperature is also 
improved, if the amount z of substitute exceeds 0.7, lowering of coercive force will be imitated, and it is **. 
[001 9] If the amount w of Zr or Zr, and at least one sort of M elements of Nb, Mo, Hf, Ta, and W exceeds 
10, a rapid reduction of magnetization will be imitated, and it is **. Moreover, in order to raise corrosion 
resistance, one or more is [ 0.5 or more ] more preferably good [ for an increment in iHc, 0.1 or more w is 
desirable, and ]. When two or more sort compound addition of the M element is carried out, the 
improvement effect in coercive force iHc is larger than a case of independent addition. In addition, an 
addition maximum in compound addition is 10%. 

[0020] Even if it replaces 50% or less of B by Si, C, Ga, aluminum, P, N, Ce, S, etc., it has the same effect 
as a B independent. 

[0021] Less than two to 15 range and z do not need to include the range of 0-0.7, and w does not need to 
include 0, but y needs to be taken as the range of -10. 

[0022] a desirable field for obtaining a high energy product with isotropy — x — less than 12 — more — 
desirable — less than 1 0 and y — two to less than 1 5 — more — desirable — 4-1 2 — further — 
desirable — the range of 4-10, and z — zero to 0.7 — more — desirable — zero to 0.6, and w — 0 — not 
containing -10 — it is the range of 2-10 more preferably. 

[0023] moreover, a desirable field for a magnetization property to obtain a high energy product well with 
isotropy — x — six to less than 12 — more — desirable — six to less than 10, and y — two to less than 
15 — more — desirable — 4-12 — further — desirable — the range of 4-10, and z — zero to 0.7 — . 
more — desirable — zero to 0.6, and w — 0 — not containing -10 — it is the range of 2-10 more 
preferably. 
[0024] 

[Function] Addition of M contributes to high coercive force-ization especially above about 10 atom %Nd, 
and is maximum energy product (BH) max under in especially about 10 atom %Nd in which low-costHzing is 
possible again. It contributes to improvement. Moreover, the contribution of M to the improvement in 
coercive force is also large. 

[0025] Especially as a cause of the above raise in coercive force, the detailed organization where the R 
content x made the main phase not the coercive force device that uses a stable tetragonal R2 Fe14Et 
compound which is looked at by the conventional R-Fe-B magnet when it is under 10 atom % under 12 
atom % but the metastable R2 Fe14 B phase to which M element dissolved to supersaturation with the 
high-speed quenching method becomes a cause. Usually, although about 2 atom % may dissolve at an 
elevated temperature to stability, if M does not use a high-speed quenching method in order to dissolve 
more than 2 atom %, it is impossible, and exists metastable. This is guessed also from the result of drawing 
2 and the X diffraction shown in 3. 

[0026] Drawing 2 is X diffraction drawing of the magnet which performed aging treatment in a second in 
10m /for after [ high-speed quenching] 700-degree-C 10 minutes, and consists of ****** R2 Fe14 B 
phase. For drawing 3 , although it is an X diffraction after [ after creating a casting ingot ] 1 1 50-degree-C 
4-hour homogenization, drawing 2 differs from a diffraction pattern clearly, and the main phase is RFe7. It 
consists of phases. 

[0027] So, although an alloying element M stabilizes R2 Fe14 B phase also by low R presentation, this 
operation is acquired only in a high-speed quenching method, and it does not have such an effect at a 
sintered magnet. 

[0028] if it expresses by Rx Mw By1(Fe, Co)-x-y-w — 2<=w<=10 and 5.5<=x<12 — desirable — 6<=x<10 
and 4<=y<=12 — desirable — 4<=y<=10 — the time — the above-mentioned operation effect — size — it 
is . Moreover, an alloying element M generates the subphase committed as border facies for a pinning site, 
and can also consider the work to strengthen suddenly. Furthermore, a part of alpha-Fe and other phases 



can exist as subphases. Moreover, a part of alpha-Fe phases and other phases can exist as subphases. 
[0029] Although coercive force developmental mechanics is based on the conventional R2 Fe14B type 
phase when R content is more than 10 atom %, it is thought that coercive force improves according to the 
effect that M raises a crystal-anisotropy constant. Moreover, the magnet by this invention is a magnet 
which the magnetization magnetic field was low, and ended, and was excellent in mass production stability 
as stated previously. 
[0030] 
[Example] 

Example 1 Rx100(Fe1-z Coz)-x-y-w By Mw The alloy which has a presentation was produced by arc 
dissolution. Thin fasciation of the obtained alloy was carried out using the molten metal quenching method. 
Injection cooling of the molten metal alloy was carried out with argon gas pressure through the quartz 
nozzle in the roll surface rotated in a second in 10-80m /, and amorphous or the thin band which consists 
of the quality of a microcrystal was obtained. 

[0031] Aging treatment was performed to this thin band among the argon gas ambient atmosphere in the 
550-900-degree C temperature requirement. The acquired highest magnetic properties are shown in a 
table 1. 

[0032] From a table 1, they are iHc and (BH) max by Zr or Zr, and at least one sort of addition of Nb, Mo, 
Hf, Ta, and W. It turns out that a high magnet is obtained. 

[0033] Moreover, as for the time of R>=12, Br becomes low when at least one sort of Zr or Zr f and Nb, Mo, 
Hf t Ta and W is added. 
[0034] 
[A table 1] 
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[0035] Although 0.1 -1mm rust was generated in the sample of No.11-14 when No. 1-10 of the sample of 
this invention and the magnet of example No.of comparison 11-14 were left in the ambient atmosphere of 
40 degrees C and 90% of temperature for 100 hours, there were no ****** private seal ** in the sample of 
this invention. This shows that Zr or Zr, and at least one sort of addition of Nb, Mo. Hf, Ta t and W are also 
improving corrosion resistance. 

[0036] The alloy which has a presentation as shown in example 2 table 2 blends a raw material so that it 
may be obtained, and it dissolves these raw materials by high-frequency heating, and it is peripheral-speed 
40 m/sec in an argon ambient atmosphere. A molten metal is spouted from a quartz nozzle on a revolving 
copper roll, and it is about 20 micrometers in thickness. The ribbon with a width of face of 5mm was 
obtained. Subsequently, it is 50-200 micrometers about a ribbon. It ground to the particle of the particle 
size of a degree. The magnet property of a ribbon is shown in a table 3. 
[0037] 
[A table 2] 
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tarn 


6 


10.5Nd 


-6B- 


b a 1 


Fe 






mm 


7 


1 3Nd 


-6B- 


b a 1 


F e 








8 


10.5Nd 


-5B- 


1 OCo 


-ba 1 


Fe 





[0038] 
[A table 3] 

a 3 















i He 


Br 


(B H) max 




No. 


(KOe) 


(KG) 


(MGOe) 




i 


15.8 


8.4 


14.4 




2 


13.6 


8.2 


13.7 




3 


16.3 


8.3 


14.2 




4 


14.2 


8.3 


14.0 




5 


19.4 


8.5 


14.6 




6 


4.3 


8.4 


7.5 


tmm 


7 


12.0 


8.0 


12.1 


ttvm 


8 


3.7 


8.2 


7.0 



[0039] Example 3Ndx100(Fe1-z Coz)-x-y-w By Mw The result of having performed the processing same 
about the alloy which has a presentation (specifically shown in a table 4) as an example 1 is shown in a 
table 4. 
[0040] 
[A table 4] 



o 



CD 
O 

s 



CD 

o 



CO 
CD 



CM CO 
t© CO 



oO 
CD 



ITS 

C*5 



^ CO »-H lO 



esj ca 10 

Oi 0> OO 



CO ~* 

cd . ifi 



OT CO OO 
OO OO 



o q an 

0> oO 



CP 

© 

H fl) 

O <D 03 

tL. <D CO — * ,D 

— i —h CD ^ O S) (D 

aJ efi— » Q> Eli — i | O ^ ^ 

CD^CO^CO COOCQl o 

| [L, J .Q <D ^3 O t-H O — • (3U 

O c I ti. -h <d I I O o3 

^-hO^Oo cd ^ •>-* u cd Si — t 

03 cq aJ O .o f N I M I aj 

.0.-1,0. I LO 03 J U (N U CN | t-i CD CD 

I I I ~* .a h N I N t PMfelfc 

N3 M N U ^^"Z^Z^^-tO-t 

u ! u i^|NN'* ,, |N|N' ,, | Si ID S3 

" w i ffi co co i w i n I I « ^ h 

ID Ifi 00 I IT) LO | | | | | | | LO LO 

1 i i *o i i -a -o -o -a -o tj -o i i i 
-dTJT>2T>"d2222222T)-d-d 

2 2 2 ^22"! ^^ ^^^^222 

-HCNro^incot-ooc5S3SS3SS 

4(U *ti3 -#tU 4dJ *CJ *tu *qj «nj *m 4Qi Wr1 .fcv 

•jzr futr 43tr mxt fTtz Sir iotr *ttr jQtr toxr utr iQxr Set Tie?* jscS eg 
otr\ IKn »tr\ o<N dvpv otn »sr» »tn B$r\ t>tr> e<r\ DQ> >te£ 4» 



[0041] The alloy which shows a presentation in example 4 table 5 was obtained like the example 1. The 
magnet property of a ribbon is shown in a table 6. 
[0042] 
[A table 5] 

n 5 



No. 





i 


7.5Nd 




2 


9.5Nd 




3 


7.5Nd 




4 


5.5Nd 




5 


5.5Nd 




6 


8Nd- 




7 


8Nd- 


imm 


8 


8Nd- 



F e 



5B-bal Fe 



Fe 



Fe 
Fe 



Fe 



[0043] 



[A table 6] 

Sc 6 





No. 


i He 
(KO e) 


Br 
(KG) 


(BH) max 
(MGO e) 




1 


16.0 


9.2 


16.7 




2 


12.3 


8,7 


16.8 




3 


10.1 


8.6 


16.7 




4 


£.4 


9.0 


15.5 


amm 


5 


3.2 


11.8 


6.3 


aMtm 


6 


4.7 


9.0 


8.0 




7 


4.7 


9.0 


7.9 


OMOH 


S 


4.5 


8.9 


7.5 



[0044] The alloy of the presentation shown in a table 7 by the same method as example 5 example 1 was 

created. 

[0045] 

[A table 7] 




m 





























CD 






03 


o 




























O 




cO 






o 


oa 


-Q 




«5 


O 




1 






» 


l 






1 


1 




M 




U 






ixa 






t>J 


10 








■^T 




1 






1 


0 


CQ 




CQ 


PQ 


in 




PQ 


c— 


OO 


OO 


c» 


CD 


1 

T3 


1 


1 


1 


1 

■o 


ixa 


1X3 


1X3 


z 

in 










od 








CO 




in 
















m 


s£ 






* 









[0046] What carried out magnetization measurement of this sample by 18kOe(s) first using the oscillating- 
type magnetometer, and then was measured after pulse magnetization by 40kOe(s) was compared. It is 
Br18K/Br40K about the value. (%) shows to a table 7. 

[0047] In addition, the value in a table is a value of the sample which carried out pulse magnetization by 
40kOe(s). 



[0048] This system alloy is understood that magnetization is easy from a table 7. 

[0049] The alloy which has the presentation which becomes example 69.5Nd~8B-4 Zr-balFe was produced 
by arc dissolution. Thin fasciation of the obtained alloy was carried out using the molten metal quenching 
method. As shown in a table 8, injection cooling of the molten metal alloy was carried out with argon gas 
pressure through the quartz nozzle in the roll surface rotated in a second in 7.5~30m /, and amorphous or 
the thin band which consists of the quality of a microcrystal was obtained. 

[0050] Aging treatment was carried out to this thin band for 10 minutes at 750 degrees C among the argon 

gas ambient atmosphere. The acquired magnetic properties are shown in a table 8. 

[0051] 

[A table 8] 

S 8 



No. 


(m/«>> 


B r 
(KG) 


i H c 
(KOe) 


( B H ) max 
(MGO e ) 


1 


7, 5 


8.7 


11.3 


16.2 


2 


10 


8. 8 


11.4 


16. 5 


3 


15 


8.7 


11.8 


16. 3 


4 


20 


8.7 


11.7 


16.1 


5 


30 


8.5 


11.6 


15.6 



[0052] Moreover, for the comparison, the alloy of the presentation which becomes 9.5Nd-8B-4 Zr— balFe 
was created by arc dissolution, and was heat-treated for 10 minutes at 700 degrees C as it was. The 
obtained highest (BH) m was 7MGOe(s). The place which furthermore measured the temperature 
coefficient of iHc and Br over 20 degrees C - 1 10 degrees C about the sample of No.1-5, dBr/dT=0.08- 
0.1 1%/degree C, diHc/dT=0.34-0.40%/degree C, and a good value were shown. 

[0053] The thin band which has the property shown in the table 9 of the example 7 following was ground to 
about 100 micrometers, it mixed with thermosetting resin, press forming was carried out, and the bond 
magnet with a density of about 6g [/cc ] was obtained. 

[0054] The result of having given and measured pulse magnetization of 40kOe(s) is shown in a table 9. 

[0055] 

[A table 9] 



3C C£J 



CO ZxZ 



co oi oo 



co — . 
-o eo 

CO I 

oa 
i i 

-O TO 



ftti *&i 32* 42$ 42$ 
+5- -N- ^ ±{ ±i 



[0056] Moreover, the example of this invention reached No.1 and, as for the magnet of 2, the magnetization 

by 18kOe(s) indicated the good value as the ribbon of an example 4 with the same temperature 

characteristic to be 97% or more good compared with the pulse magnetization by 40kOe(s). 

[0057] Moreover, the magnetization by 18kOe(s) of the sample of No.5 of the example of a comparison was 

92%. They were place dBr/dT=0.14%/degree C which furthermore investigated Br of the example of a 

comparison, and the temperature characteristic (20-110 degrees C) of iHc, and diHc/dT=0.41%/degree C. 

[0058] 

[Effect of the Invention] Although R, Fe, and B content are based also on an addition by this invention as 
compared with M element additive-free magnet of the almost same system by adding at least one sort of 
Zr or Zr, and Nb, Mo, Hf, Ta and W so that clearly from the above explanation, especially an example, the 
coercive force iHc of 1.5 times pr.mpre is attained, therefore, the defect that_the temperature 
characteristic of the coercive force iHc of a R-B-Fe alloy magnet is not excellent should carry out for 
being — this defect was compensated, and more than high improvement in coercive force iHc was attained, 
and the practical permanent magnet was offered. 

[0059] Moreover, there is the feature of being the magnet which was extremely excellent in the 
magnetization property. 

[0060] Furthermore, the magnet property that no content of rare earth elements R is inferiority also in less 
than 10% as a point which should be mentioned especially with the case of 10% or more of contents of rare 
earth elements R is acquired. Therefore, it is low cost, and means that coercive force and a magnet with a 
high energy product were offered by this invention, and the meaning of this invention in the field concerned 
is large. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graphical representation showing a magnetization property. 

[Drawing 2] It is X diffraction drawing of 8Nd(s)-4.5Zr— 7.5 B-balFe heated at 700 degrees C after high- 
speed quenching for 10 minutes. 

[Drawing 3] It is X diffraction drawing of the casting ingot of the same presentation heated at 1150 degrees 
C for 4 hours. 



[Translation done.] 
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